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hydrocarbons, are so strongly ca^lu^ 

20 they take place with the partial formation of a 
flame. In carrying out such reactions indus- 
trially the material of which the wall of the 
reaction vessel is composed is of paramount 
importance. In order to obtain the thorough 

25 intermixing of the reaction components which 
is necessary for securing a complete reaction, 
it has been customary to . mix the reaction 
components together in a suitably formed 
nozzle (burner), so that the reaction occurs in 

30 a flame extending into the free space beyond 
the nozzle. The walls of the reaction chamber 
must be kept cool, and for this purpose they 
are cooled externally. 

Tliis method of operation has the following 

35 main disadvantages: — 

(1) The heat taken up by the cooling 
medium cannot usually be usefully, recovered. 

(2) In order to attain the pressure necessary 
for effective mixing of the reaction com- 

40 ponents, which are usually derived from gaso- 
meters in which the pressure is low, blowers 
or compressors must generally be used. 

(3) Costly measures are necessary in order 



direction at the first-mentioned end tnereor. 

Preferably the gaseous reaction component, 
which is introduced tangentially to form a vor- 
tex near the wall of the chamber is the reaction 
component which is least aggressive towards 
the material of which die wall is composed. 

Specification No. 760,610 describes and 
claims a tubular mixing chamber comprising 
means to feed said chamber at one end with 
a first fluid in such a manner that said fluid 
flows along the wail of said chamber with 
tangential and axial velocity components to 
the other end of said chamber thereby to 
create at said one end a negative pressure 
gradient from said wall towards the axis of the 
chamber, a terminal rigid obstacle at said 
other end to establish across the section of 
sa d other end a distribution of pressure more 
uniform than at said one end, whereby a sub- 
stantially axial counterflow is created which 
extends from said other end to said one end, 
and whereby a tubular turbulent mixing zone 
is created by the interaction between said 
flow and said counterflow, means to feed said 
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V%, ±«ARBWERKE HOECHST AKTIENGESELL- 
SCHAFT VORMALS MEISTER LUCIUS & BRt;N- 

ing, a body corporate recognised by German 
law, of Frankfurt (M)-Kochst, Germany, do- 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
'be particularly described in and by the follow- 
ing statement : — 

Many chemical reactions are known which 
are strongly exothermic and therefore neces- 
sitate specially constructed apparatus in order 
to make the processes industrially feasible. 
Many of these reactions, for example, the com- 
bination of chlorine and hydrogen to form 
hydrogen chloride, die reaction of oxygen and 
hydrogen to form steam, and the chlorination 
of hydrocarbons to form various chlorinated 
hydrocarbons, are . so strongly exothermic that 
they take place with the partial formation of a 
flame. In carrying cut such reactions indus- 
trially the material of which the wall of the 
reaction vessel is composed is of paramount 
importance. In order to obtain the thorough, 
intermixing of the reaction components which 
is necessary for securing a complete reaction, 
it has been customary to mix die reaction 
components together in a suitably formed 
nozzle (burner), so that the reaction occurs in 
a flame extending into the free space beyond 
the nozzle. The walls of the reaction chamber 
must be kept cool, and for this purpose they 
are cooled externally. 

This method of operation has the following 
main disadvantages: — 

(1) The heat taken up by the cooling 
medium cannot usually be usefully recovered. 

(2) In order to attain the pressure necessary 
for effective mixing of the reaction com- 
ponents, which are usually derived from gaso- 
meters in which the pressure is low, blowers 
or compressors must generally be used. 

(3) Costly measures are necessary in order 



to pre vsnt the flame blowing back with the 
usual forms of burners. 45 

The aforesaid disadvantages are avoided by 
the present invention which provides a method 
of carrying out exothermic chemical reactions 
between a gas and a fluid, wherein a gaseous 
reaction component is introduced tan genn ally 50 
at ox near one end of a recation chamber at a 
velocity such as to form a travelling vortex 
near the wall of the chamber and at the same 
time the other reaction component or com- 
ponents is introduced or are introduced 55 
separately or in admixture in an axial or tan- 
gential direction at the opposite end cf the 
chamber in such manner that the exothermic 
reaction takes place in the mixing zone in the 
axial region of the chamber out of contact 60 
with the wall thereof, and the reaction com- 
ponents formed leave the chamber in an axial 
direction at the first-mentioned end thereof. 

Preferably the gaseous reaction component 
which is introduced tangentially to form a vor- 65 
tex near the wall of the chamber is the reaction 
component which is least aggressive towards 
the material of which the wall is composed. 

Specification No. 760,610 describes and 
claims a tubular mixing chamber comprising 70 
means to feed said chamber at one end with 
a first fluid in such a manner that said fluid 
flows along the wall of said chamber with 
tangential and axial velocity components to 
the other end of said chamber thereby to 75 
create at said one end a negative pressure 
gradient from said wall towards the axis of the 
chamber, a terminal rigid obstacle at said 
other end to establish across the section of 
sa!d other end a distribution of pressure more 80 
uniform than at said one end, whereby a sub- 
stantially axial counterfiow is created which 
extends from said other end to said one end, 
and whereby a tubular turbulent miv-ng zone 
is created by the interaction between said 85 
flow and said counterfiow, means to feed said 
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chamber with at least a second fluid to be 
mixed with said first fluid and means to dis- 
charge the mixture of said fluids obtained in 
said chamb er. 

5 The method of the invention and the appar- 
atus for carrying out the method are 
further described with reference . to the 
accompanying drawings, in which Figures 
X 1 to 3 show various forms of reaction caam- 

10 hers. The positions of the chambers in space 
need not be as shown in the drawings. Thus, 
they may be disposed with their axes in an 
inclined or horizontal plane, or in a vertical 
plane with their bases lowermost, instead of 

IS uppermost as shown in the drawings. 

The method of introducing the reaction 
components in accordance with the present 
invention very effectively screens the greater 
part of the interior wall of the recation cham- 

20 ber from the heat liberated in the reaction and 
the corrosive action of the reaction products 
or of the more aggressive reaction component. 
The Sow of the reaction components produced 
in the method of this invention entails a low 

25 pressure prevailing in the region U where the 
tangentially whirlin g reaction component 
changes direction. Accordingly, the second 
reactant, which is introduced at B, may be 
introduced under no or only a low presure 

30 in order to ensure intense mixing of die two 
reactants in the mixing zone above the point 
of reversal U. The reaction takes place in 
the whirling central stream substantially 
along the path B — C, where further mixing of 

35 the components proceeds continuously. The 
radiant heat liberated by the reaction is not 
transferred directly to the wall of the reaction 
chamber, but is transferred first to the whirl- 
ing stream of the reaction component intro- 

40 duced tangentially at A, so that this reaction 
component is heated up during is travel from 
: A to U. In this manner the reaction com- 

ponent attains its highest temperature where, 
in its whirling motion, it mixes in the mixing 

45 zone above the point of reversal *U with the 
other reaction component which is introduced, 
if desired, cold, from B. Oonsequcndy, igni- 
tion of the mixture takes place reliably and 
continuously, and heat produced by the reac- 

50 tion can be put to good account due to the 
adiabatic character of the exothermic process. 
The heat so generated is contained in . the 
stream of the reaction product leaving the 
reaction chamber at C, and can therefore be 

55 subsequenriy recovered almost completely, for 
example, in a waste heat boiler. 

If the temperature required for a certain 
reaction is below the temperature which can 
be reached by the adiabatic process, the 

60 desired reaction temperature can be obtained 
by introducing one of the reaction components 
in large excess or diluted with an inert gas or 
vapour, which does not enter into reaction but 
establishes the desired reaction temperature by 

65 abstracting a part of the heat of reaction. In 



both cases the whole of the heat liberated by 
the reaction is contained in the stream of the 
reaction product leaving the reaction chamber 
and can be utilised in an economical manner. 

The method of the invention enables the 70 
amount of valuable material required for con- 
structing the apparatus, cf which a few 
examples are shown diagrammatically in 
Figures 1 to 3 3 to be considerably reduced. 

Figures 1 and 2 show reaction chambers, 75 
which are substantially of conical form up to 
the vertex, and which are provided at the 
bottom with an axial inlet conduit B f or a 
reaction component and at the top with an 
axial outlet conduit C for the reaction pro- 80 
ducts, and which has one or more inlet con- 
duits A s D and F leading tangentially and at 
the desired inclination into the interior of the 
chamber. 

Figure 3 shows an apparatus for carrying S3 
cut the method, in which apparatus the reac- 
tion chamber . is substantially of cylindrical 
form. The inlet and outlet conduits A, B 3 C 
and D are arranged in a manner analogous to 
the conduits shown in the other figures. 90 

In the forms of apparatus shown in the 
accompanying drawings it is only necessary, 
for example when the cutlet temperature cf 
the reaction products is 1100 c C, to construct 
the outlet conduit C of refractory and cor- 95 
rosicn-resistani: material, while all the other 
parts cf the reaction chamber can be made of 
ordinary sheet iron. It might, however, be 
desirable also to construct the walls surround- 
ing the mixing and reaction zone in the. 100 
vicinity of the point U of resistant material. 

Insulation of the apparatus is also a simple 
matter, because, owing to the whirling flow 
of the components, the side wall of the reac- 
tion chamber remains relatively cool, so that 105 
there is a relatively' small temperature drop 
from the inner wall of the chamber to the sur- 
rounding space. 

When more than two reaction components 
are to take part in the reaction, a separate 110 
inlet conduit, for example, the conduit D, may 
be provided for the third and any further com- 
ponent. The axial outlet conduit C may be 
surrounded by a cylindrically arranged tube of 
larger diameter, which is spaced from the tube 115 
C within the reaction chamber, and may be a 
tube such as is shown at E in Figure 2, the 
third reaction component being introduced 
through an inlet conduit F tangentially at a 
desired inclination so as to whirl round the 120 
inner side of the said tube. In this manner 
there is produced a second vortex which 
travels in a path parallel with the first vortex 
cf the component introduced at A moving 
along the wall of the reaction chamber, and 125 
which second vortex also changes direction at 
the point U. Spontaneous mixing of all the 
components introduced through F, A and B 
therefore takes place in the mixing zone at the 
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point U, and then the reaction cccurs along the 
path from B to C. 

By suitably selecting die angle of the conical 
reaction chambers shown in Figures 1 and 2, 

5 or by using a cylindrical reaction chamber as 
shown in Figure 3, the length of the path 
from B to C can be extended to give the 
desired period of reaction, without losing the 
advantages of the method of the invention. 

10 The fundamental principle of the method of 
this invention can most appropriately be des- 
cribed as reaction control independently of the 
walls of the chamber. The decisive factor is 
that by suitably introducing the reaction com- 

15 ponents along separate pais and intermixing 
the components only after they have entered 
the reaction chamber the reaction takes place 
in an axiai zone far removed from the walls 
of the reaction chamber, so that the precau- 

20 tions which have hitherto been necessary in 
suitably selecting the properties of the marerial 
used for the walls of the apparatus can be dis- 
pensed with so far as the greater part of the 
interior surfaces are concerned. 

25 For reactions which require a catalyst, the 
catalyst may be arranged in the form of a grid 
or net close above the point of reversal U, 
' that is to say in the mixing zone, where the 
reaction components coming from different 

30 directions meet. Alternatively, the catalyst may 
be supported on a short cylindrical tube, 
which is disposed axially in the reaction cham- 
ber along the path from U to C 

The following examples illustrate the 

35 method of the invention: — 

Example 1 
Production of Superheated Steam 

Having a Desired Temperature 
Steam under low pressure is introduced 

40 through the inlet A in the apparatus shown 
in Figure 1 to form a vortex in the reaction 
chamber, and at the same time hydrogen and 
oxygen are introduced separately through the 
inlets B. and D. The tangential inlets A and D 

45 through which the materials are introduced 
into the reaction chamber are inclined to- 
wards the vertex of the cone at an angle of 
85 c to the axis of the reaction chamber. The 
mixture of oxygen with the explosive mix ture 

50 of hydrogen and oxygen is ignited in the 
vicinity of the point of reversal U, for example, 
by means of an electrically heated incandescent 
candle, so that HjO is formed and superheated 
steam is used from the outlet conduit C at a 

55 temperature which can be regulated by suit- 
ably adjusting the ratio of low pressure steam 
to explosive mixture, as desired. 

Another procedure is previously to mix one 
of the reaction components, for example, the 

60 hydrogen, with the low pressure steam, and to 
introduce at B the other reaction component, 
for example, oxygen, through a filter candle, 
for example, of carborundum. The steam pro- 
duced by this process can be used as a carrier 



gas for supplying heat for a wide variety of 65 
endothermic reactions, for example, cracking 
reactions. 

This method of obtaining superheated steam 
has firstly, the advantage of enabling the use 
cf cosdy refractory materials for the construe- 70 
don of the burner chamber to be dispensed 
with. Furthermore, variation cf the ratio of 
steam to explosive mixture enables the tem- 
perature of the steam, to be varied almost in- 
stantaneously. Owing to the reduction in heat 75 
losses to the exterior owing to the method and 
apparatus of this- invention, the yield of heat 
amounts to 90 — 95 per cent of the theoretical 
yield calculated on the hydrogen introduced. 
Such a yield of heat cannot even be approxi- 80 
mated with externally heated systems. 

Example 2 

Production of Hydrogen Chloride from 
Chlorine and Hydrogen 

Hydrogen and chlorine are introduced 85 
through the inlet conduits A and B of an 
apparatus as shown in Figure i, except that 
it has no inlet conduit D. The inlet conduit A 
used in the present process is in clined to- 
wards the vertex of the cone at an angle of 90 
80° to the axis of the reaction chamber. Igni- 
tion is advantageously brought about by means 
of a connection mounted laterally on the reac- 
tion ch a m ber, which connection is closed by a 
quartz window and through which ultraviolet 95 
light is irradiated into the mixing zone above 
U. The inlet conduit for the chlorine must be 
made of a material which is resistant to 
chlorine at moderately raised temperatures 
and does not lead to the formation of ferric 100 
chloride. Furthermore, the outlet conduit C is 
made of or lined with a material which, is 
resistant to hydrogen chloride at the outlet 
temperature. Especially suitable is electro- 
graphite. 105 

The reaction sets in immediately under the 
action of the ultraviolet irradiation, and the 
hydrogen chloride formed leaves through the 
conduit C at a high temperature. The heat 
contained in the issuing hylrogen chloride can 110 
be used in known manner for generating 
steam. 

WHAT WE CLAIM IS: — 

1. A method of carrying out exothermic 
chemical reactions between a gas and a fluid, 115 
wherein a gaseous reaction component is intro- 
duced tangentially at or near one end of a 
reaction chamber at a velocity such as to form 
a travelling vortex near the wall of the cham- 
ber, and at the same time the other reaction 120 
component or components is introduced or are 
introduced separately or in admixture in an 
axial or tangential direction at the opposite end 
of the chamber in such manner that the exo- 
thermic reaction takes place in the mixing zone 125 
in the axial region of the chamber out of con- 
tact with the wall thereof, and the reaction 
components formed leave the chamber in an 
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axial direction at the first-mentioned end 
thereof. 

2. A method as claimed in Claim 1, wherein 
the fluid is a gas. 

3. A method as claimed in Claim 1 or Claim 
2 wherein the gaseous reaction component 
which is introduced tangenaaliy to form a 
vortex near the wall of the chamber is the 
reaction component which is least aggresive 
towards the material of which die wall is 
composed. 

4. A method as claimed in any one of 
Claims 1 — 3, wherein the reaction component 
introduced at the said opposite end of the 
chamber is so introduced through a porous 
candle, which effects wide distribution and 
assists uniform intermixing. 

5. A method as claimed in any one of Claims 
\—4 y wherein the desired reaction temperature 
is established by introducing one of the reac- 
tion components either in excess or diluted 
with an. inert gas. 

6. A method as claimed in any one of Claims 
1 — 5, wherein, the reaction takes place with 
the partial formation of a flame. 



7. A methed as claimed in any one of Claims 
1 — 6, wherein hydrogen and oxygen are 
reacted together to form superheated steam, 
and the temperature is maintained at the 
desired value by introducing steam. 

8. A method as claimed in any one of Claims 
1 — 6, wherein for the production of hydrogen 
chloride hydrogen is introduced tangentially to 
form a vortex near the wall of the chamber 
and chlorine is introduced at the said opposite 
end of the chamber in the vicinity of the point 
at which" the vortex reverses its direction of 
travel. 

9. A method as claimed in any one of Claims 
1—5, wherein hydrocarbons are reacted with 
chlorine to form various chlorinated hydro- 
carbons. 

10. A method of carrying out an exothermic 
reaction substantially as described in Example 
1 or 2 herein. 

ABEL & IMRAY, 
Agents for the Applicants^ 
Quality House, Quality Court, Chancery Lane 3 
London, W.C.2. 
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